be students at HSPH who were interested in occupational health and safety. Students, peers, and faculty sponsors provided continuous feedback throughout the course. Finally, we developed a strategy for sustainability to ensure the continuation of this unique course in light of regularly changing lecturers from different disciplines.
Health problems arise as a result of extremely complex processes and interactions, and finding a solution often requires going beyond traditional unidisciplinary approaches. Transdisciplinary (TD) approacheswhere one integrates multiple disciplinary approaches and perspectives-provide a unique lens through which to view emerging complex health problems. 1 Transdisciplinarity does not refer to a method but, rather, to an approach toward research. 2 It requires the use of a common conceptual framework that goes beyond disciplinary boundaries in research concepts and methods, and involves collaborations not only among researchers from different disciplines, but also between researchers and nonacademic stakeholders. The desired result is a shared understanding that is broader and deeper than one likely to emerge from within a single discipline alone. Furthermore, transdisciplinarity does not end when knowledge is produced. Rather, it facilitates a constant flow between knowledge and practical application. 3 The TD approach is particularly well suited to the field of occupational health as well as public health research and practice given the diverse and complex pathways through which the work environment influences worker health and safety. 4 TD research has a further advantage in that it has the potential to overcome the obstacles of implementing research findings into practice and public policy. Implementation is done through the action-research approach that characterizes transdisciplinarity. 5 The action-research approach involves a dual commitment to study a system (e.g., a workplace) and to concurrently collaborate with members of the system in changing it into what is together regarded as a desirable direction. In other words, the end product of a project is not only the publication of research findings, but also the implementation of those findings into real-world, tangible solutions.
Health-care literature emphasizes that undergradu-ate-and graduate-level education is the most critical time to receive TD experience, 6, 7 and at least one prestigious university (Harvard University) correspondingly includes transdisciplinarity in its teaching philosophy. However, this teaching philosophy has not become translational given that the university offers no courses that focus directly on the integration of different disciplinary approaches. 8 Previous attempts at one university to apply an interdisciplinary approach to nursing education by simply combining students into groups of various disciplines proved unsuccessful 9 and illustrated the need for adequate curriculum adaptation, preparation, and planning. Additionally, few resources in general provide information or guidelines on how to design, implement, and teach a TD-oriented program. 9 In this article, we describe and discuss the development and delivery of the first TD course at the Harvard School of Public Health (HSPH), and present the argument that such a course provides a positive and lasting contribution to students of occupational health and the academic field in general.
METHODS

Team strategy
As five postdoctoral research fellows from different disciplines, including sociology/law, medicine/epidemiology, biomechanics/ergonomics, industrial/ organizational psychology, and clinical psychology, we initiated, developed, and taught the graduate and doctoral-level course entitled "Transdisciplinary Research in the Study of Occupational Health and Safety" while in residence at HSPH in spring 2012. From the beginning, we decided to work as a TD team with a TD approach throughout the planning, development, and teaching of the course. Working with a TD approach required identifying key people from each relevant stakeholder area who could serve a crucial role in the process of course development, implementation, and delivery. To justify the need for a new course within the already extensive course offerings at HSPH, we identified gaps in the course catalog. We then developed a proposal and submitted it to HSPH's curriculum committee. When the proposal received final approval, we invested time and effort into promoting the course to students in the target group. Although the course was open to graduate and doctoral students across Harvard University, we considered the target group to Department chair. It was important to involve the head of the HSPH Department of Environmental Health from the beginning, as his consent was a prerequisite to submitting the course proposal to the committee. We received valuable feedback and support from the chair on the department's specific teaching needs and gaps that our course could fill.
Faculty. Faculty support was important in at least two ways: (1) as a source of experience to draw on and (2) as an element of stability by having the same faculty act as sponsors, because lecturers from the postdoctoral research fellow program would vary from year to year.
Postdoctoral association (PDA).
We received important support from the PDA at HSPH through a written letter of support attached to the proposal. In the letter, the PDA committed to promoting the teaching opportunity to future postdoctoral research fellows by creating awareness of the course and marketing it as a unique opportunity to teach at HSPH. The PDA also agreed to keep course materials on file for future instructor reference.
Students.
One of the most important stakeholders when planning and teaching a course is its actual target group (i.e., the students). Throughout course development, we regularly invited both master's and doctoral students to the team meetings as consultants.
Teamwork
We held weekly or biweekly team meetings with reading assignments between sessions. We established a shared conceptual framework early in the process, starting with preliminary sketches and drawings that eventually took a more elaborate and comprehensive form. 10 We also assigned each team a specific role and responsibility within the instructor team, and we developed a shared vocabulary to ease and enable communication across the different disciplines.
TD ethics
Group discussions were an important part of the team meetings. To ensure constructive and productive discussions, we established early on a set of ethical principles for TD collaboration ("TD ethics"). All discussions and interactions among team members strictly adhered to these ethical principles: (1) respect for other disciplinary approaches, (2) openness to other methodological tools, and (3) tolerance for uncertainty. 11, 12 In addition to contributing to constructive discussion, establishing these ethical guidelines at the outset of the planning process greatly facilitated trust within the group.
Syllabus
The syllabus presented in the course catalog involved the following course objectives:
Describe different methodological approaches
to the study of occupational health and safety (i.e., social, legal, medical, biomechanical, psychological, epidemiological, and behavioral).
2. Critically analyze readings in different dimensions of occupational health and safety.
3. Critically evaluate how these different approaches can be leveraged to form powerful TD research designs for the study of occupational health and work disability. 4 . Design a TD research study in occupational health and safety.
5.
Communicate effectively with peers and other professionals through oral presentation and written communication on defined occupational health or safety issues.
The outcomes measures involved class attendance and participation, written assignments, and a class project (individual or group).
Course outline
We organized the course as a full-semester class, with each instructor presenting two lectures: (1) an introduction to the particular discipline and (2) a demonstration of how this particular disciplinary approach could be integrated with and contribute to the field of occupational health and safety ( Table 1) . The entire team co-taught the first two lectures, which generally introduced TD research and team science, while three visiting lecturers broadened the scope of the course. These guest lecturers included two internal faculty members and an external representative from the National Institute for Occupational Safety and Health.
OUTCOMES
Course promotion
A new and elective course in a competitive academic environment calls for creativity and endurance to recruit students. This recruitment involved lunch seminars, flyers, table tents in the cafeteria, and course promotion on the digital screens around HSPH and at the beginning of other classes. We used social media, including Facebook, Twitter, LinkedIn, and the department's website, to promote the course.
Chosen course theme: work disability prevention
To provide continuity among lecturers, we chose a course theme under the broad area of occupational health and safety so that each lecturer's specialty had significant representation in published research. Specifically, the course explored work disability prevention, which is usually a complex and multifactorial problem, and a field in which several studies have shown promising results of a TD approach. [13] [14] [15] Mus-culoskeletal disorders, such as back-pain problems, are an example of a common work disability that we repeatedly referred to and used throughout the course. Disability from back pain has increasingly been shown to be a multifactorial problem involving not only the worker's characteristics, but also environmental factors such as the workplace, health-care system, compensation system, and interactions among all stakeholders in the disability problem. 16, 17 Course evaluations Student evaluations. Both registered and auditing students (n54) submitted written evaluations. After course completion, we invited students to engage in an evaluation session. All four students participated in the evaluation session, which resembled a focus group format in which we asked the students questions in an interactive group setting about their opinions, perceptions, and experiences of the course. Two lecturers moderated and the whole session was audiorecorded with the students' permission. The evaluation session took place after final grades were decided to prevent bias in the student reports. We transcribed audiotapes of the session and analyzed the data for common and salient topics, which resulted in seven key themes for the continual teaching improvement process: class size, teaching style, project format, project relevance, professor interconnection, guest lectures, and self-reflection (Table 2) .
Peer evaluations.
All five lecturers were present, as often as possible, in all of the lectures. After every lecture, Injury and psychology: behavioral approaches to disability management Reme 6 Transdisciplinary research on disability management and return to work Reme 7 Total worker health program Faculty sponsor 8
Spring recess-no class 9
Workplace design and prevention: introduction to organizational and occupational health psychology approaches Arlinghaus 10 Transdisciplinary research in health and safety prevention and workplace design Arlinghaus 11
Occupational medicine and epidemiology: introduction to a holistic approach to medicine and population health 
Class size
The students reported that they enjoyed the smaller class. Most other classes, particularly undergraduate classes, are much larger, and the students reported often feeling lost and not engaged in class discussions if the classes were too large. They suggested that in their experience, the small, intimate teaching style could be lost with more than 20 students.
"It has been my experience that smaller classes have richer discussions."
Teaching style Several students highlighted the interactive parts of the teaching. The class size allowed for more interactive lectures, which were well received by the students.
"It is more engaging and more fun, and you actually applied some of the stuff that you taught."
Project format
The students expressed both pros and cons of individual vs. group projects as the end result of the course. In this particular course, individual projects were chosen over group projects, but the students suggested a solution combining the two (see quote). This alternative, involving the team more as a consultant, was very well liked among the other students.
"I am wondering if there is a way, and this might require a little more restructuring of the project, to do independent papers and presentations but somehow have more check-in points with each other. So have teams working together sort of coming up with a structure and bouncing ideas off each other, but have individuals pursue their own projects."
Project relevance The students also suggested being more explicit when advertising the course to doctoral students, emphasizing how the course project could be the start of, or a part of, their doctoral dissertation proposal. Using the course to develop a doctoral dissertation proposal would be particularly pertinent in the case of individual projects, with the team acting as consultants. Alternatively, for other students not in the doctoral program (e.g., master's students, postdoctoral fellows), the project could lead to grant development.
"Especially since a lot of people use the spring to write their proposal, this could be a great opportunity for people working toward that."
"The person writing it sort of being the principal investigator (PI) and the other people being the sort of co-PIs, participating in some aspects of it."
Professor interconnection
The students valued the team approach they observed in the teaching, where all lecturers linked thematically with each other, and where the lecturers were present and contributed to the other lectures as well.
"I think that, in all your individual presentations, you kind of tried to start it out by putting your subject in the framework of the class and everybody else's, and tried to tie it back a lot."
"I could tell that you were all working together."
Guest lectures
A stakeholder presence through one or more guest lecturers was beneficial, according to the students. The guest lecturers received positive evaluations. However, suggestions to expand the guest lectures were also raised. Suggestions for future course development involved bringing in guest lecturers who would reflect community perspectives and groups actually affected or potentially affected by the research (e.g., a practitioner, union representative, injured worker).
"I thought it was good to have the guest lecturers. I thought they all brought a different perspective." "I guess it would also be interesting to bring in somebody who was actually not in academia, too. An actual practitioner."
Self-reflection
The students liked to see how the teachers "really" incorporated a transdisciplinary approach into their own work (which would make the course more personal).
"Relating to your own projects, I think that is something I would actually have liked to hear more about. What you guys are particularly doing . . . you all talked about that some, but I always thought that was very interesting to hear how you guys were incorporating transdisciplinarity into your own work . . . and a little bit more about your experience." a brief team meeting took place to offer immediate feedback on the lecture. Specifically, each lecturer completed a detailed evaluation of every lecture, assessing the following aspects of each other's lectures: general quality, content, relevance to practice, presentation style, quality of audiovisual materials and handouts, opportunity for questions, and overall rating. Every aspect was rated on a scale from poor to excellent.
Faculty sponsor evaluations.
Originally, it was intended that one of the faculty sponsors would be present in every lecture for the course. In actuality, a faculty sponsor was present for at least half of the lectures. When faculty sponsors attended, they provided feedback and evaluations to the individual lecturers and the group as a whole immediately after the lecture. In the future, we would recommend a more organized format for the faculty evaluations (e.g., written evaluations similar to the peer evaluations). Given the TD nature of the course, the presence of a faculty member in every lecture would ensure better quality feedback from faculty members and adequate evaluation of lectures for their consistency and adherence to a TD framework.
Sustainability model
As this course was intended to embody the TD approach not only in its content but also in its teamteaching style, any sustainability model for this course should preserve the course's team-taught nature. One challenge for sustainability is the use of postdoctoral research fellows as instructors. Most postdoctoral research fellows are at HSPH for a limited amount of time-usually two years-and they do not necessarily meet each other regularly. As such, a representative from HSPH who holds a more permanent position (i.e., faculty or administrator) is needed to ensure not only knowledge transfer, but also the transfer of materials from one team to the next. Thus, the proposed sustainability model for the course (Figure) attempts to address the issues related to a transient workforce. In this model, postdoctoral research fellows who teach in the course are recruited based on their own training year such that, in any given year, the TD teaching staff includes fellows who are nearing the end of their fellowships and those who are just beginning.
LESSONS LEARNED
The benefits of education across different disciplines and professions have often been highlighted, but several questions have been raised about the timing, content, and delivery of such educational programs. 7 We attempted to address some of these questions through the description and discussion of one such educational program, namely a graduate-level course on TD research in the study of occupational health and safety. We believe the different stakeholders we consulted during course development were significant facilitators in the process of course development and played a unique and significant role in advising and contributing in different ways. Another facilitator, more internal within the team, was the TD ethics approach established early in the process. These ethical guidelines laid the foundation on which to allow constructive a Postdoctoral research fellows who teach the course are recruited based on their own training year such that, in any given year, the transdisciplinary teaching staff includes fellows who are nearing the end of their fellowships and those who are just beginning. and productive discussions to flourish. Without such guidelines established early on, discussions could easily have turned into destructive arguments with no constructive outcomes. Of all the barriers, we found three that were worth mentioning: (1) the lack of a system and structure to support courses such as these within the university system, (2) the lack of students who are able or willing to prioritize a TD course over a more specialized but unidisciplinary course, and (3) the time-consuming task of working as a TD team.
The student evaluations provided invaluable input to inform the process of future course development. These evaluations highlighted two positive aspects, including the small class size and the interactive teaching style practiced throughout the course. Students positively evaluated the relevance and format of the class project, but they also suggested an intriguing alternative to the individual vs. group project model; namely, to have the group act as a consultant, with regular meetings where ideas and strategies could be discussed while still having students prepare independent papers and presentations.
Furthermore, evaluations highlighted the interconnectedness among instructors. Although students noted the interconnectedness among the core lecture team, they did notice some disjuncture with the faculty sponsor's lectures. The faculty sponsor was scheduled to be present for only half of the lectures in the course, resulting in a noticeable lack of interconnectedness. Similar courses at other institutions might experience the same problem, as professors receive only partial credit for co-teaching a course. On the other hand, some disjuncture is to be expected with guest lecturers and might not pose a problem as long as the core instructor team is interconnected. In fact, the course's guest lecturers were one of the aspects the students appreciated. Again, the students presented interesting ideas for future course developments by using the guest lecturers to bring in different stakeholder perspectives. For example, these lecturers could include representatives reflecting the community perspective, such as a practitioner, a union representative, or an injured worker, as well as other groups affected or potentially affected by the research. The community perspective could also be included by having students attend public forums and sit in on focus groups to hear actual public concerns with occupational health and safety issues. Finally, students emphasized a selfreflective nature and the incorporation of instructors' own experiences with TD practice and research in the teaching. Clearly, giving examples from the instructors' own experiences-especially glimpses into the variation across disciplines-may be beneficial and would be one aspect to expand in future course development.
We developed a two-pronged approach to support the course's long-term sustainability: (1) anchoring it within the PDA standing projects/activities and (2) organizing tiered-course leadership where course directors comprise incoming and outgoing postdoctoral research fellows who can share their knowledge and experience yearly. The PDA could provide wide catchments of interest from postdoctoral research fellows interested in teaching a TD course, and continuous years of leadership can ensure continued transfer of the course management. One of the weaknesses of the sustainability model is its reliance on a sufficient number of postdoctoral research fellows every year who are willing to commit to teaching such a course. As a TD course represents a new approach to research and teaching, it will most likely be a more demanding challenge to take on than teaching a more traditional course. One of the strengths of the sustainability model, on the other hand, is the overlap between previous and emerging postdoctoral lecturers to ensure knowledge transfer and socialization to the TD model. Furthermore, it is to be expected that as interest in the TD paradigm continues to rise, 3 so will interest in teaching a TD course, which gives young scientists opportunities to practice and teach this unique approach to science.
We conducted the TD course model within an occupational health setting, but this model could easily be generalized to other fields and settings within or across university departments. TD collaborations already in place would be advantageous in helping TD courses materialize but could also result from a TD course in itself. Our course instructors were all postdoctoral research fellows, but faculty members from different disciplines could easily replace the instructor team. To encourage the continued development of such courses in the future, we recommend the development of structures that compensate faculty for their presence for the full course to ensure interconnectedness among lectures. We also recommend that TD courses become mandatory at the master's and doctoral levels to avoid conflicts with other courses or provide incentives for students to enroll (e.g., increased elective credits or waiving the teaching assistant requirement). Yet another option would be to take advantage of online learning and adapt the course to an online format.
In an editorial in Science, Neil Lane presents some of the opportunities and challenges of a paradigm shift in the way we conduct science. He argues for a new approach to policymaking, one that operates in "an agile problem-solving environment and works effectively at the interface where science and technology meet business and public policy." 18 Yet, several questions remain; there are still discrepancies among different definitions of transdisciplinarity 19 and uncertainty regarding how best to evaluate TD team science. 20 However, new strategies and tools for evaluating TD teams and centers are developing, 21 and a growing number of fields are considering a TD approach inevitable to move the field forward. 20 We believe our course could serve as a model for other schools and universities, and hopefully help move the field forward by preparing and training future researchers, clinicians, and policy makers to apply the TD approach in public health research and practice.
